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Abstract:  A  preliminary  injection  of  endotoxin  increased  the 
resistance  to  infection  in  you ig  mice*  This  treatment  stimulated 
hagocytosls  and  the  destruction  of  virulent  bacteria.  In  young  mice 
-he  effects  were  less  pronounced  and  of  shorter  duration  than  in  adult 
ice. 


A  preliminary  injection  of  a  very  low  concentration  of  endotoxin 
into  adult  mice  increased  their  ability  to  eliminate  and  destroy  virulent 
■acteria.  It  enabled  the  animals,  infected  with  Klebsiella  pneumoniae. 

~o  survive  for  a  few  days(l).  Wo  have  studied  this  phenomenon  with  con¬ 
ventional  and  axenlc  mice  at  birth,  i.e.  under  conditions  in  which  active 
antibodies  can  be  ruled  out. 

Klebsiella  pneumoniae  strain  Caroli  was  injected  intravenously. 
Techniques  for  counting  bacteria  labelled  with  51cr  and  the  measuremeht 
of  radioactivity  have  been  already  described(l,2,3).  Salmonella  ente- 
ritidis  endotoxin,  extracted  by  the  method  of  Boivin,  was  injected  intra- 
peritoneally  into  young  mice  aid  intravenously  into  adult  mice  24  hours 
before  the  inoculation  with  the  bacteria.  A  saturated  solution  of 
sulfadiazine  (ca.  0.15  mg/ml)  was  injected  subcutaneously  into  new-born 
;olce.  All  injections  into  new-born  mice  were  0.05  ml  in  volume.  The 
conventional  mice  were  from  the  Swiss  or  C3H  strain;  the  axenic  mice  were 
from  the  C3H/Jax  strain,  raised  at  the  C.N.R.S.(4). 
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TABLE  1 


Age*  Treatment  Duration  Number  Weight  Rate  of  Radioactivity 

of  the  of  Blood  Liver  Spleen 

Dave  Experiment  Mice  grams  % _ %  % 


2 

none 

30 

min 

8 

1.75 

59.4 

17.8 

2.3 

1  meg 

endotoxin 

tf 

tt 

9 

1.58 

43.7#* 

36.6** 

0.5 

10  meg 

it 

ft 

»t 

4 

1.55 

37.4#* 

26.0** 

0.4 

2 

none 

60 

n 

19 

1.77 

49.3 

29.3 

2.7 

1  meg 

endotoxin 

n 

tt 

10 

1.26 

28.5** 

55.9** 

0.7 

35 

none 

30 

tt 

5 

19 

58.3 

13.7 

11.1 

1  meg 

endotoxin 

tv 

n 

5 

22 

12.6** 

53.6** 

13.7 

* Conventional  new-born  mice  received  5xl0&  radioactive  bacteria; 
adult  mice  received  5xL0&  per  gram. 

**  Statistically  highly  3ignif leant  results  by  the  F-test. 


1.  ELIMINATION  OF  RADIOACTIVE  BACTERIA  IN  CONVENTIONAL  MICE. 
After  injecting  heated,  51cr-labelled  bacteria,  the  difference  in  radio¬ 
activity  found  in  the  blood  and  liver  provided  an  estimate  for  the  rate 
of  elimination.  Data  of  Table  1  show  that  the  hepatic  fixation  of  bac¬ 
teria  was  increased  in  2-day  old  nice  by  the  preliminary  injection  of 
endotoxin.  This  action  was  lee3  pronounced  in  adult  mice  and  was  in 
agreement  with  the  relative  weight  of  the  liver  (4.8?  of  the  body  weight 
after  2  days,  6.4JC  after  5  weeks}. 

On  the  contrary,  the  rats  of  radioactivity  recovered  from  the 
spleen  of  young  mice  was  lowered  by  the  endotoxin  injection.  Analogous 
results  were  obtained  with  living  bacteria  (Tables  2  and  3)  and,  undoubt¬ 
edly  can  be  attributed  to  the  cytotoxic  action  of  bacterial  antig en(5). 

2.  ELIMINATION  OF  LIVIN'!  BACTERIA,  a.  Conventional  mice.  One 
hour  after  inoculation,  the  distribution  of  the  viable  bacteria  was  com¬ 
parable  with  that  in  new-born  mice  and  with  that  in  adult  mice  inoculated 
with  radioactive  bacteria.  Three  hours  after  inoculation,  the  total 
number  of  bacteria  was  ten  times  higher  in  the  Infected  mice  than  in 
endotoxin-treated  mice  and  constituted  about  4*5  generations  of  bacteria 
which  were  almost  entirely  in  the  blood  (Table  2). 
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TABLE  2 


Age*  Treatment  Duration  t>'unber  Average  Number  of  Bacteria 

of  the  of 

Days  Experiment  Xice  Blood  Liver  Spleen  Total 

_ hours _ 


2  none 

1 

13 

5,010 

870 

80 

5,960 

1  meg  endotoxin 

1 

17 

1,735 

2,160 

35 

3,930 

none 

3 

6 

75,350 

8,260 

• 

83,610 

1  meg  endotoxin 

3 

6 

4,460 

4,400 

- 

8,860 

40  none 

1 

12 

84,470 

10,010 

16,370 

110,850 

1  meg  endotoxin 

1 

12 

32,540 

26,320 

27,200 

86,060 

*  Conventional  new-boni  mice  received  4x103  bacteria;  adult  mice 


received  105. 


b.  Axenic  mice*  Numbers  of  bacteria  shown  in  Table  3  were  ob¬ 
tained  from  mice  of  different  ages.  Those  from  mice  four  days  old  or 
older  were  comparable  in  number  2nd  distribution  with  those  obtained 
from  conventional  mice  2-40  days  old  (see  Table  2).  The  number  of  bac¬ 
teria  was  always  lower  in  the  blood  of  mice  which  had  received  endotoxin. 

On  the  contrary,  in  two-day  old  mice,  three  hours  after  being 
inoculated  with  bacteria,  the  action  of  the  endotoxin  became  noticeable. 
During  the  first  hour,  the  elimination  of  the  bacteria  from  the  blood 
was  not  accelerated  by  the  preliminary  injection  of  endotoxin.  Later 
on,  in  axenic  mice,  the  distribution  of  the  bacteria  was  different  from 
that  observed  in  the  conventional  mice,  because  the  number  of  bacteria 
recovered  from  the  liver  was  alwjiys  higher. 

3.  RESISTANCE  OF  CONVENTIONAL  MICE  TO  INFECTION,  a.  Survival. 
New-born  mice  were  infected  or.  the  second  day  with  2x1 02  bacteria.  The 
protective  dose  was  an  injection  of  0.1  or  1.0  meg  of  endotoxin  which 
was  much  more  transient  than  in  <idult  mice.  Although  all  of  the  test 
mice  (53/53)  died  after  18  hovrs,,  those  injected  with  endotoxin  did  not 
die  until  20-48  hours  (52/95  at  30  hours),  depending  on  the  size  of  the 
inoculum. 

b.  Numbers  of  bacteri-.  in  conventional  mice  treated  with  sulfa¬ 
diazine.  The  destruction  of  Klebsiella  pneumoniae  was  demonstrated  by 
the  administration  of  the  bacteriostatic  drug  to  adult  mice  which  were 
injected  with  endotoxin(l).  Sulfadiazine  was  administered  to  mice  in 
doses  of  7*5  meg  each  time,  asxa  control  and  two  hours  before  infection, 
followed  by  one  to  three  supplementary  injections  during  the  experiment. 
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The  treatment  slowed  down  bactori.il  multiplication,  but  was  insufficient 
to  stop  it  completely.  Once  a^ain,  tho  number- of  bactoria  in  the  treated 
mice  was  the  same  at  24  hours  <is  that  in  untreated  mice  at  6  hours  and 
constituted  about  11  generations  of  bacteria  (Table  4).  Under  these  con¬ 
ditions,  mice  which  had  received  a  protective  dose  of  endotoxin  had  at  24 
hours  about  100  times  fewer  bacteria  than  endotoxin-free  mice  and  there 
was  no  increase  in  numbers  betiteen  6  and  24  hours. 

TABLE  3 


«ge*  Treatment  Duration  Number  Average  Number  c.i  Bacteria 

,  24  hrs  be-  of  the  of 


Days 

fore  In-  Experiment  Mice 

faction  hours 

Blood 

Liver 

Spleen 

Total 

2 

none 

1 

21 

3,800 

8,160 

1  meg  endotoxin 

1 

18 

4,290 

3,400 

0 

7,690 

2 

none 

3 

6 

68,500 

3,060 

190 

71,750 

1  meg  endotoxin 

3 

7 

30,250 

8,930 

0 

39,180 

4 

none 

1 

5 

6,580 

4,495 

680 

11,755 

1  meg  endotoxin 

1 

6 

910 

5,930 

120 

6,960 

8 

none 

1 

12 

6,790 

4,760 

1,230 

12,780 

1  meg  endotoxin 

1 

13 

395 

5,940 

345 

6,680 

45 

none 

1 

6 

142,950 

37,610 

32,980 

213,540 

1  meg  endotoxin 

1 

6 

49,150 

36,400 

37,500 

123,050 

*Axenic  young  mice  received  8x103  bacteria;  adult  sics  received  105. 


TABLE  4 


Treatment 

Hours* 

Number  Average  Number  of  Bacteria 
of  Blood  Liver  Spleen  Total 

Mice  %  i  i  & 

None 

6 

6 

76 

22.6 

1.4 

10,076,000 

Sulfadiasine 

6 

10 

60.8 

38.7 

0.5 

234,500 

16 

6' 

70.1 

29.7 

0.2 

2,965,100 

24 

9 

14.8 

75.3 

7.9 

13,705,000 

1  meg  Endotoxin 

6 

6 

67.5 

31.° 

0.7 

1,086,000 

1  meg  Sndotaxin 

6 

6 

65.5 

33.5 

1.0 

107,050 

plus  Sulfadiaxi ne 

16 

6 

11.4 

86.8 

1.8 

43,450 

24 

10 

14.7 

82.3 

3.0 

139,900 

•flours  after  injecting  4x103  bacteria  into  two-day  old  mice. 

4 


•flours 


CONCLUSIONS.  Ret iculo- endothelial  cells  of  new-born  mice  show 
phagocytosis  against  carbon  panicles  or  radioactive  bacteria(6.7), 
although  the  mice  are  very  susceptible  to  infections  at  that  age*  Else¬ 
where,  Sterzl  observed  the  resistance  of  five-day  old  rats  was  increased 
by  endotoxin (8).  In  the  mouse,  our  results  indicated  elimination  of 
Klebsiella  pneumoniae  from  the  blood  could  be  accelerated  by  injecting 
a  weak  dose  of  endotoxin  several  hours  after  birth*  The  stimulation  was 
weaker  in  axenic  new-born  mice,  bit  became  noticeable  three  hours  after 
infection  with  bacteria.  Axenic  adult  mice  reacted  like  conventional 
adult  mice  to  the  endotoxin  injection,  already  reported  by  others(9*10)* 

Survival  and  enumeration  aicperiments  in  conventional  sulf amide- 
treated  mice  indicated  the  action  of  endotoxin  was  less  pronounced  and 
of  shorter  duration  in  young  nice  than  in  adult  rnice(l)  and  there  was  a 
clearer  indication  that  the  resistance  of  the  new-born  animal  is  weak* 
These  results  were  obtained  under  experimental  conditions  which  excluded 
the  formation  of  antibodies  and  which  favored  nonspecific  activity. 
Preliminary  experiments  indicated  it  was  equally  possible  to  make  young 
mice  as  tolerant  to  endotoxin  as  was  the  case  with  adult  mico(2). 


(*)  Meeting  of  13  April  1966. 
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